We studied the clinicopathologic and immunohistochemical features of 20 cases of proximal-type epithelioid sarcoma to identify prognostic factors. The 20 patients ranged in age from 13 to 80 years (mean, 40 y); 12 patients were male and 8 were female. The tumors presented as deep soft-tissue or subcutaneous masses on the inguinal region in five, the thigh in four, the vulva in three, the axilla in three, and one each in the flank, chest wall, back, hip and perineum. The tumors ranged from 2 to 16 cm at their greatest diameter (mean: 7.8 cm). Histologically, 12 tumors (60%) were classified as the large-cell subtype, characterized by sheets of large cells with prominent nucleoli resembling poorly differentiated carcinoma, and a frequent rhabdoid phenotype, six (30%) were classified as the conventional subtype, and two ( Epithelioid sarcoma, first described by Enzinger in 1970 (1), is a rare soft-tissue sarcoma typically presenting as a subcutaneous or deep dermal mass in distal portions of the extremities of adolescents and young adults. Microscopically, most tumors are characterized by a granuloma-like pattern: nodules of spindled and epithelioid cells circumscribe areas of central hyalinization and necrosis. Fibrous histiocytoma-like and angiomatoid subtypes have also been reported as less common histologic variants (2, 3). Patients often develop multiple local recurrences of long duration, with subsequent metastases in 30 to 50% of cases (4). A more aggressive "proximal" or largecell type has been described in rare cases to occur as a deep-seated soft-tissue mass at proximal body sites and to show sheets of large cells with prominent nucleoli resembling a poorly differentiated carcinoma and a frequent rhabdoid phenotype (5). Thus, this tumor must be distinguished from other epithelioid lesions, such as extrarenal rhabdoid tumor, synovial sarcoma, angiosarcoma and melanoma, and its prognostic factors have not yet been fully investigated. We therefore studied 20 cases of proximal or axial epithelioid sarcoma by immunohistochemical analysis to examine the clinicopathologic features that correlate with a poor outcome in patients with these tumors.
Epithelioid sarcoma, first described by Enzinger in 1970 (1), is a rare soft-tissue sarcoma typically presenting as a subcutaneous or deep dermal mass in distal portions of the extremities of adolescents and young adults. Microscopically, most tumors are characterized by a granuloma-like pattern: nodules of spindled and epithelioid cells circumscribe areas of central hyalinization and necrosis. Fibrous histiocytoma-like and angiomatoid subtypes have also been reported as less common histologic variants (2, 3) . Patients often develop multiple local recurrences of long duration, with subsequent metastases in 30 to 50% of cases (4) . A more aggressive "proximal" or largecell type has been described in rare cases to occur as a deep-seated soft-tissue mass at proximal body sites and to show sheets of large cells with prominent nucleoli resembling a poorly differentiated carcinoma and a frequent rhabdoid phenotype (5) . Thus, this tumor must be distinguished from other epithelioid lesions, such as extrarenal rhabdoid tumor, synovial sarcoma, angiosarcoma and melanoma, and its prognostic factors have not yet been fully investigated.
We therefore studied 20 cases of proximal or axial epithelioid sarcoma by immunohistochemical analysis to examine the clinicopathologic features that correlate with a poor outcome in patients with these tumors.
MATERIALS AND METHODS

Tumor Samples
We reviewed 20 cases of proximal-type epithelioid sarcoma that were registered in the pathology files of the Clinical Laboratory Division, National Cancer Center Hospital, Tokyo, Japan, and the files of the author (TH). In this study, the diagnostic criteria which were used to select the cases of epithelioid sarcoma arising in proximal locations were the presence of obvious epithelial-like differentiation and malignancy: primarily a solid growth pattern of large epithelioid cells with frequent rhabdoid-appearing cells and a "conventional" granuloma-like pattern, together with immunohistochemical expression of cytokeratin and/or epithelial membrane antigen (EMA). Some of these cases had been diagnosed initially as "rhabdomyosarcoma" (three cases), "synovial sarcoma" (two cases), "granuloma" (one case), "soft-tissue giant cell tumor" (one case), and "undifferentiated carcinoma" (one case; Table 1 ). There was no history of primary or metastatic carcinoma in our patients. Microscope slides of the primary tumor were reviewed in all cases. Clinical details and follow-up information were obtained by reviewing all medical charts.
Immunohistochemistry and Assessment of Staining
In all 20 cases, representative sections from paraffin blocks were examined by the labeled streptavidin-biotin method, with appropriate use of positive and negative controls throughout. The primary antibodies used in this study and their details are listed in Table 2 . Most sections were subjected to heat-induced epitope unmasking in 10 mM citrate buffer, pH 6.0, in an autoclave at 121°C for 20 minutes. All immunostaining was performed on tumor tissue obtained before adjunctive treatment. Staining of more than 10% of the tumor cell nuclei was interpreted as positive for p53.
The Ki-67 (MIB-1 index) was estimated by counting the percentage of positive cell nuclei per 1000 tumor cells in the region of the tumor with the greatest density of staining. The percentages of cells expressing nuclear staining were analyzed as continuous (MIB-1 index) and categorized (MIB-1 score) variables, as shown in Table 3 . We used three MIB-1 grading values-those for tumor differentiation, necrosis, and MIB-1 score-as criteria for a histologic grading system (6) . A tumor differentiation score of 3 was assigned to epithelioid sarcoma. The separate scores were added together for a combined grade; lesions with a total score of 2 or 3 were classified as Grade 1, those that scored 4 or 5 were Grade 2, and those that scored 6, 7, or 8 were Grade 3. By this MIB-1 grading system, proximal-type epithelioid sarcomas were graded as Grade 2 or 3.
Statistical Analysis
The follow-up period was dated from the time of initial surgery. Survival curves were calculated by the Kaplan-Meier method, and the differences were compared by the log-rank test. Fisher's exact test was used to examine correlations between the variables. Differences at P Ͻ .05 were considered significant. 
RESULTS
Clinical Findings
The 20 patients ranged in age from 13 to 80 years (mean, 40 y); 14 patients (70%) were aged 20 to 50 years (Table 1) . Twelve patients were male, and eight were female. All patients presented with a palpable mass as the initial symptom. Two patients also had pain. Tumors were located on the inguinal region in five patients, in the thigh in four, the vulva in three, axilla in three, and one each in the flank, chest wall, back, hip, and perineum. Ten tumors involved deep soft tissues and 10 had a subcutaneous or deep dermal location; one of the cases occurring on the vulva (Case 13) appeared as a deeply ulcerated lesion of the skin at the time of recurrence. The tumors ranged from 2 to 16 cm at their greatest diameter (mean: 7.8 cm).
Surgical procedures consisted of wide excision, amputation or disarticulation, with wide margins in eight cases, and marginal or intralesional excision in 12. One patient underwent preoperative radiotherapy and seven were treated postoperatively. Chemotherapy was given preoperatively in four cases, postoperatively in six and both pre-and postoperatively in one. Two patients (Cases 5 and 10) who had metastases at presentation were treated by chemotherapy preoperatively.
Pathologic Findings
On cut sections, the lesions were ill-defined, multinodular whitish masses, often with hemorrhage and necrosis ( Fig. 1) .
Histologically, 12 tumors (60%) were classified as the large-cell subtype, 6 (30%) as the conventional subtype, and 2 (10%) as the angiomatoid subtype ( Table 3) . The large-cell epithelioid sarcomas were characterized by sheets of large, rounded polygonal or short spindle cells with enlarged vesicular nuclei, prominent, central single nucleoli and abundant amphophilic cytoplasm (Fig. 2 ). Rhabdoid cells containing intracytoplasmic, paranuclear hyaline inclusions were abundant in 10 tumors of the largecell subtype, in three tumors of the conventional subtype, and in one of the angiomatoid subtype. Conventional epithelioid sarcomas displayed nodules of a mixture of atypical spindle and epithelioid cells bordering central areas of hyalinization and necrosis (Fig. 3) . Angiomatoid tumors had cystic, blood-filled pseudovascular spaces bordered by epithelioid and spindle cells, similar to those seen in typical cases (Fig. 4) .
Vascular invasion was frequently observed, being evident in 11 tumors. Other histologic features present in a minority of cases included scattered, multinucleated osteoclast-like giant cells (three cases), hyalinized collagen (three cases), myxoid areas (three cases), focal small cells (two cases), and central metaplastic bone formation (one case). Hemorrhage and necrotic changes were common findings, and the mitotic count was 20 or more per 10 high-power fields in 15 tumors (75%). Epithelioid sarcoma was given as the initial diagnosis for 12 patients, rhabdomyosarcoma for three, synovial sarcoma for two, and undifferentiated carcinoma, soft-tissue giant cell tumor and granuloma for one each.
Immunohistochemical Findings
The immunohistochemical results are summarized in Table 3 . All 20 cases (100%) showed immunoreactivity for both vimentin and cytokeratin (Fig.  5A ). The rhabdoid cytoplasmic inclusions stained variably for vimentin and cytokeratin. EMA was A mitosis score of 1 was assigned to lesions that displayed 0 -9 mitoses per 10HPF, a score of 2 to lesions that displayed 10 -19 mitoses per 10HPF, and a score of 3 to lesions that displayed Ն20 mitoses per 10HPF.
c A MIB-1 score of 1 was assigned to lesions that showed MIB-1 index of 0 -9%, a score of 2 to lesions that showed MIB-1 index of 10 -29%, and a score of 3 to lesions that showed MIB-1 index of Ն30%.
positive in 17 tumors (85%), which displayed moderate to intense cell membrane-based reactivity for EMA. Nine lesions (45%) gave a focal to diffuse membranous positive reaction for CD34 (Fig. 5B) . Likewise, focal membranous staining for CD99 (MIC2) was observed in five (25%) lesions. Focal cytoplasmic staining for muscle markers, either desmin or ␣-smooth muscle actin (SMA), was observed in three (15%) lesions. Twelve cases (60%) were focally positive for other markers, such as S-100 protein, neurofilament, neuron-specific enolase, synaptophysin, and CD56 (N-CAM) (Fig. 5C ). Sixteen tumors (80%) yielded positive results for p53 (Fig. 5D ). Muscle-specific actin (HHF35), myogenin, CD31, gp100 protein (HMB-45), and chromogranin A were negative in all cases. MIB-1 immunoreactivity was present in all 20 cases, and the MIB-1 index ranged from 5% to 90% (mean, 50%). Fourteen lesions (70%) exhibited an MIB-1 index of 30% or more and, by our histologic grading system using the MIB-1 score, 16 tumors (80%) were classified as Grade 3, and 4 (20%) as Grade 2.
Follow-up and Prognostic Analysis
Follow-up information on all 20 patients was available, and covered periods ranging from 2 months to 19 years (mean, 4 y and 5 mo). Thirteen patients (65%) developed local recurrence; the period between primary excision and the first local recurrence ranged from 1 month to 3 years and 8 months (mean, 10 mo). Most patients had multiple recurrences; notably, one patient (case 2) experienced 11 recurrences over 10 years. Fifteen patients (75%) developed metastases, primarily to the lymph node (12 cases), lung (seven), bone (four), and skin (two). The time interval from surgery to the first metastasis ranged from within 1 month to 12 years (mean, 2 y and 4 mo). At the last follow-up, 13 patients (65%) had died of the disease, and one had died of other causes. Six patients (30%) were alive with no evidence of disease.
Survival of patients whose neoplasms measured 7.8 cm or more (9 cases) was significantly shorter than for those with smaller tumors (P ϭ .0027). Survival of patients whose first metastasis occurred within 28 months (10 cases) was also significantly shorter than for those with more than 29 months before metastasis or those without metastasis (P ϭ .0026). There was no association between tumor size and metastasis. Patients whose tumors were excised marginally survived longer than those who had wide excision (P ϭ .0091), but surgical margin was inversely correlated with tumor size (P ϭ .0045); marginal excision, frequently followed by chemotherapy or radiation therapy, was employed mostly for the small tumors. Kaplan-Meier survival curves were plotted for all 20 patients, according to tumor size and metastasis (Fig. 6) . No other categorized variables, including age (Ն40 or Ͻ40 years), sex, depth, adjuvant therapy, recurrence, histologic subtype (large-cell or others), presence of rhabdoid cells, vascular invasion, tumor necrosis, mitotic count (Ն20 or Ͻ20 per 10HPF), p53 expression, MIB-1 index (Ն30 or Ͻ30%) and MIB-1 grade correlated with overall survival. 
DISCUSSION
The clinical, morphological and immunohistochemical features of the 20 tumors described here are in accordance with those of proximally located epithelioid sarcomas (5) . The tumors in this study arose predominantly in the deep soft-tissue or subcutis of young adults or middle-aged individuals and had a significant male predominance. Large tumors with a maximum diameter of more than 10 cm were noted at the thigh, hip and flank in this series. Histologically distinctive features were prominence of the epithelioid cell component, a sheet-like growth pattern of large cells with vesicular nuclei and prominent nucleoli, and a frequent rhabdoid appearance. As described previously (7), however, epithelioid sarcomas with a typical granuloma-like pattern and other histologic subtypes were also present at proximal locations in our series.
Immunohistochemically, irrespective of the tumor types, the proximal-type epithelioid sarcomas of our series were clearly epithelial-like, with cytokeratin and EMA commonly present, and CD34 in about half of the cases. These tumors showed cell membrane-based reactivity for EMA. It should be noted that many soft-tissue sarcomas, except for synovial sarcoma and epithelioid sarcoma, demonstrate nonspecific cytoplasmic EMA-reactivity (8) . A few tumors were positive for desmin and SMA. Focal immunostaining for CD99 and other markers was much more common in the large-cell variant than in other forms. Such a polyphenotypic profile has been described in conventional and proximal, or large-cell type, epithelioid sarcomas (5, 7) as well as in extrarenal rhabdoid tumors (9, 10) .
The pathognomonic feature of the latter tumor is the presence of rhabdoid cells with intracytoplasmic inclusions, which prove ultrastructurally to be whorls of intermediate filaments. This tumor type has been documented in a variety of sarcomas and also in carcinomas and melanomas (11) . Its distinction from proximal-type epithelioid sarcoma may be difficult at times. Extrarenal rhabdoid tumor, like the renal counterpart, is a highly aggressive and lethal neoplasm occurring in younger children and has inactivating mutations or deletions of both alleles of the tumor suppressor gene, hSNF5/INI1 on chromosome 22q11.2 (12) . Considering that this chromosomal aberration involving chromosome 22 may be an epiphenomenon rather than a primary pathogenetic event, it is likely that proximal-type epithelioid sarcoma may represent a form of "composite" extrarenal rhabdoid tumor (11) .
Given the varied morphologic features and immunophenotypic heterogeneity of the present cases, proximal-type epithelioid sarcomas can potentially be mistaken for other epithelioid malignancy. Epithelioid malignant peripheral nerve sheath tumors (MPNSTs) might be positive for cytokeratin and EMA occasionally, but about 80% of cases of MPNST show diffuse and strong reactivity for S-100 protein (13) . Similarly, malignant melanomas are typically strongly immunoreactive for S-100 protein and gp100 protein (HMB-45).
Epithelioid morphology can occasionally be seen in both rhabdomyosarcomas and leiomyosarcomas. It has also been reported that approximately 30% of leiomyosarcomas are immunoreactive for cytokeratin and EMA (14) . However, epithelioid sarcomas are easily distinguished from leiomyosarcomas by their lacking a representative area of a leiomyosarcoma, showing fascicles of elongated tumor cells with blunt-ended "cigar-shaped" atypical nuclei, and greater frequency of negativity for desmin and SMA. Evidence of rhabdomyoblastic differentiation appreciated by positivity for HHF35 and myogenin (15) was absent in epithelioid sarcomas.
Angiomatoid epithelioid sarcomas with a pseudovascular pattern in our series may be easily confused with epithelioid angiosarcoma, which may be positive for cytokeratin and CD34 (16, 17) . Also, many epithelioid angiosarcomas have a diffuse sheet-like growth pattern, and a vasoformative architecture is often not present. They have positive immunoreactivity for a sensitive and specific marker for endothelial differentiation, CD31 (18) . In addition, epithelioid angiosarcomas have few or no immunoreactivity for EMA.
Synovial sarcomas display an epithelial immunophenotype with positivity for both cytokeratin and EMA, and also have occasional reactivity for neural markers (19) , as found in our series. However, synovial sarcomas usually show, at least focally, a biphasic pattern allowing correct diagnosis, and are consistently negative for CD34 (18) . High-grade large epithelioid cells and a rhabdoid phenotype observed in extraskeletal myxoid chondrosarcomas may cause confusion with epithelioid sarcoma (20) . Neuroendocrine differentiation was also reported in this tumor type (21) . The presence of the lobular architecture and typical appearance of cords and strands of eosinophilic chondroblasts embedded in a myxoid matrix readily distinguish extraskeletal myxoid chondrosarcoma from epithelioid sarcoma.
The distinction between proximal-type epithelioid sarcoma and undifferentiated carcinoma is probably the most difficult consideration. The occurrence of tumors in the subcutis or deep soft tissues without any connection with the overlying epidermis or cutaneous adnexa, the absence of histologic features of squamous or glandular differentiation, and presence of CD34 reactivity in about half of the cases favor the diagnosis of epithelioid sarcoma over undifferentiated carcinoma. The latter are negative for CD34 in most cases (18) .
Most tumors had high MIB-1 indexes and were assessed as high grade by our histologic grading using the MIB-1 staining. Our study also revealed that p53 nuclear accumulation was a conspicuous feature in 80% of tumors. We employed an anti-p53 rabbit polyclonal antibody (Rsp53, Nichirei Co., Tokyo, Japan) to increase sensitivity, but there was no difference of the frequency of positivity between polyclonal and monoclonal DO7 antibodies (data not shown). The increased p53 overexpression is probably associated with the higher histologic grade of proximal-type epithelioid sarcomas because p53 did correlate with grade in a previous study of 95 adult soft-tissue sarcomas (6) .
Our study clearly showed that proximally or axially located epithelioid sarcomas behaved more aggressively than conventional distally located tumors; 65% of the patients in our series have died of disease. In previous series of conventional epithelioid sarcomas (4, 22, 23) , 27-46% of the patients have died of disease. The rate of tumor-related deaths is lower than the rate of metastasis (75%), which indicates the indolent yet persistent nature of this tumor. The adverse prognostic factor was larger tumor size as documented by others (4, 22, 23) . Also, early metastasis independently correlated with clinical aggressiveness. Other parameters, including patient age and sex, tumor depth, treatment-related factors, recurrence, histologic subtype, rhabdoid cells, vascular invasion, tumor necrosis, mitotic count, p53 expression, MIB-1 index and MIB-1 grade, had no significant relationship with patient survival. However, the case numbers in this series are relatively small, and further study is necessary to evaluate prognostic impact of these parameters in a fairly large number of proximal-type epithelioid sarcomas.
We conclude that proximal-type epithelioid sarcomas are rare, undifferentiated soft-tissue sarcomas of adults, with epithelioid features and a frequent rhabdoid phenotype. These tumors, when arising in proximal locations, have a much worse prognosis than those arising in distal locations. For many of those in pathology and especially forensic pathology/medicine, the exposure to those injured or killed as a result of trauma is not an infrequent event. To the layperson, the deaths related to trauma often may seem obvious, but deeper study gives way to new information about what happened to such victims. This study allows for empirical, objective assessment in those situations where the mechanism of trauma is not readily available by history or scene investigation. Determining the precise classification of manner and mechanism of death in such circumstances aids in criminal investigation and closure for those who knew the victim. This monograph covering the various facets of trauma is a well done work that covers the subject with reference given to the situations in which trauma occurs. This idea sets the stage for the content of 31 individual chapters. The chapters cover a variety of specific sets of circumstances in which trauma occurs, including major disasters, pedestrian trauma, modern war wounds, injuries caused by animals, aviation accidents, falls from heights, underwater diving, and mining, to name several. Additional chapters cover related yet salient aspects, including examination of adult assault victims, abused children, transmission of infection during forensic practice, domestic poisoning, and the psychopathology of trauma. In summary, the chapters are arranged in a logical order with excellent illustrations, most of which are in color. The text is arranged in a neat, easy to read, two column layout.
Book Review
The table of contents and index are accurate and concise. Contributors include a variety of experts in various areas of forensic practice from around the world. A bounty of useful statistics and graphs are presented. Much of this information and data are derived from the United Kingdom, with a sprinkling included from the rest of the world. Interesting additions to this edition include chapters on the psychopathology of violence, which examines the effects that trauma and violence have on survivors and those around them. The chapter also takes a progressive step to explore the reasons as to why people act in a violent manner to begin with. The following chapter deals with the "psychological autopsy," in which the study of items and events around the time of a victim's death are examined. These ideas are applied to situations in which the mode of death is equivocal and other circumstances common to forensic practice.
Overall I found this book to be enlightening and very readable. The content is directed at a limited audience but should provide that audience with a useful resource in dealing with the victims of traumatic events. The breadth and depth of this latest edition make for a useful resource for those examining traumatic injuries and deaths.
Jay C. Helsel University of Kansas Medical Center Kansas City, Kansas
